v" Basic fibroblast growth factor (FGF) is a mitogen, a differentiation factor for neuroectoderm-derived cells, and a potent angiogenic factor. The authors have previously demonstrated that the messenger fibonucleic acid of basic FGF is expressed in more than 90% of human gliomas. In the present study, they examined the expression of basic FGF in human glioma tissues using immunohistochemical techniques with a mouse monoclonal antibody against human basic FGF. They also correlated the basic FGF level with the histological grades of malignancy assessed by the number of nucleolar organizer regions (NOR's). Basic FGF was detected in 18 of 19 gliomas, whereas it was undetectable in two normal brains. The expression level of basic FGF peptide increased proportionally with the degree of malignancy. There was also a tendency for the number of NOR's in glioma cells to increase in glioma samples with a high level of basic FGF expression. Furthermore, most of the cases with increased vascularity demonstrated on cerebral angiograms showed a relatively high level of basic FGF expression of tumor cells and a large number of NOR's in endothefial cells in tumor tissues. These results suggest that basic FGF is actually produced in most gliomas and is involved in tumorigenesis and malignant progression as an autocrine growth factor. Moreover, basic FGF may play an important role in tumor neovascularization as a paracrine angiogenic factor. KEY WORDS 9 basic fibroblast growth factor 9 glioma . angiogenesis 9 nucleolar organizer region 9 immunohistochemistry
B
ASIC fibroblast growth factor (FGF) is a mitogen and a morphogen for a wide range of neuroectoderm-and mesoderm-defived cells 5 as well as being a potent angiogenic factor in vivo. 4 In addition, a group of oncogenes such as hst-1/K-FGF, FGF-5, int-2, and hst-2/fgf-6 are known to encode basic FGF-related proteins, l'))'12Av')8'3t Basic FGF has been suggested to be involved in autonomous cell growth and tumorigenesis in many kinds of tumor cells. 5'6'8 Our previous studies with Northern blot analysis have suggested that ribonucleic acid (RNA) expression of the basic FGF gene is abundantly detected in 94.4% of human glioma tissues. 26 Several immunohistochemical studies have also reported that basic FGF is detected in most glioma tissues.)3'30 Recently, we have also demonstrated that almost all glioma tissues express two types of the FGF receptor genes, bek andflg, 27 and that basic FGF plays a crucial role in the cell growth and tumorigenesis of human glioma cells. 25 The RNA expression of basic FGF in glioma tissues was shown to increase proportionally with the degree of malignancy while it was undetectable in normal brain tissues. 26 In order to confirm the findings of our previous studies with Northern blot analysis, we undertook the present study to determine the level of basic FGF peptide using immunohistochemical techniques and to correlate this with the histological grade of malignancy. We also evaluated the degree of malignancy according to the number of nucleolar organizer regions (NOR's), which is considered to reflect the cell activity.
Materials and Methods

Tissue Selection
Tissue samples were obtained from 21 patients operated on at the Kyoto University Hospital and its affiliated hospitals. The samples consisted of 19 gliomas and two human brain-tissue specimens obtained during :~ Basic FGF staining was graded as follows: -= negative staining; + = heterogeneously positive staining; ++ = homogeneously positive staining; +++ = excellent staining of all ceils in tissue.
w Increased vascularity evaluated by cerebral angiogram (+ = yes, -= no). NE = not examined. a lobectomy performed for deep-seated tumors ( Table  1 ). The resected samples were fixed in Bouin's fixative, embedded in paraffin, and sectioned. The histology and malignancy grades of the gliomas were determined according to the classification of the World Health Organization 3-' upon hematoxylin and eosin staining of the tissues adjacent to that used for basic FGF staining and NOR counting. The vascularity was evaluated on preoperative cerebral angiograms, all of which were obtained for clinical reasons. Increased vascularity was defined as an increase in the number and size of the tumor vessels compared to the vascularity of the adjacent normal brain. 28 
Immunohistochemistry
Immunohistochemical determinations of basic FGF were performed as described previously. 26 Briefly, the mouse monoclonal antibody 78 against human recombinant basic FGF (immunoglobulin G2 (IgG), 22 diluted 1:600) was applied to tissue sections 6 #m thick for 1 hour at 37"C after inactivation of intrinsic peroxidase with H202 in methanol and blocking of nonspecific binding with normal horse serum (diluted 1:50). The sections were then incubated with biotin-labeled horse IgG against mouse IgG (diluted 1:100) for 1 hour at 37~ followed by the avidin-biotin procedure, 9 and counterstained with Mayer's hematoxylin. Sections incubated with normal mouse serum served as negative controls. The sections were assessed subjectively and were graded in four degrees as described in the legend for Fig. 1 .
Nucleolar Organizer Regions
The one-step argyrophilic method was used for the staining of NOR dots at room temperature, in a solution consisting of 1 volume of 2% gelatin in 1% aqueous formic acid and 2 volumes of 50% aqueous silver nitrate solution. 2 The sections were counterstained with Mayer's hematoxylin. In all specimens, 100 to 200 tumor cells of each defined type were examined and the number of NOR dots in nuclei were counted using a microscope. Then, the mean number of NOR's per cell for each case was determined. Using the same method, the mean number of NOR's was evaluated in 50 nuclei of endothelial cells in tumor tissues. The endothelial cells were identified from the lining of vessel lumens and by their elongated configuration. In normal brain tissues, the NOR number in 50 nuclei of chiefly glial cells was counted.
Results
Level of Basic FGF and NOR's of Glioma Cells
Positive staining of basic FGF was detected in 18 of the 19 gliomas, but not in the two normal brain-tissue specimens (Table 1) . Immunoreactivity was chiefly localized in tumor cells. The degree of basic FGF expression was classified into four grades according to the number of positively stained glioma cells and the amount of immunoreactivity per cell ( Fig. 1 and Table  1 ). The degree of basic FGF staining increased in proportion to the malignancy grades of the gliomas ( Fig. 1 and Table 2 ). The number of NOR dots in Grade III and Grade IV gliomas were significantly higher than in normal brain cells (unpaired t-test: t = 4.43 and 2.23; p = 0.021 and 0.050, respectively). The number of NOR dots in Grade IV gliomas was also higher than in Grade II gliomas (unpaired t-test: t = 2.56; p = 0.023) (Figs. 2  and 3 ).
There was a tendency for the number of NOR's in glioma cells to increase in proportion to the level of basic FGF expression (Fig. 4) . The number of NOR dots was higher in samples with degrees of basic FGF staining graded + and + + + than in those with negative staining (graded -) (unpaired t-test: t = 2.95 and 4.34; p = 0.016 and 0.023, respectively). The number of NOR dots was also higher in samples with staining graded + + + than in those graded + (unpaired t-test: t = 4.96; p = 0.001). Statistical analysis did not show a significant difference in the number of NOR dots between samples with staining graded ++ and -(unpaired t-test: t = 2.004; p = 0.076); however, the number of NOR dots of most samples with + + staining was higher than in those graded -.
Basic FGF Staining and NOR's of Endothelial Cells in Glioma Tissue
Endothelial cells in Grade IV glioma tissue exhibited immunoreactivity toward the anti-basic FGF antibody, while those in normal brain or Grade II gliomas did not (Fig. 1) . The NOR number in endothelial cells, ranging from 1 to 2.26, was higher in Grade IV gliomas than in normal brain and Grade II gliomas (unpaired t-test: t = 2.32 and 2.78; p = 0.043 and 0.015, respectively) (Fig. 3) . In addition, the ratio of the cases with increased vascularity was also greater in high-grade gliomas; increased vascularity was found in one of six Grade lI gliomas, two of three Grade III gliomas, and nine of 10 Grade IV gliomas. Almost all of these hypervascular tumors showed high levels of basic FGF expression ( Table 1) . Most of these cases also showed a higher NOR number in endothelial cells than did cases without increased vascularity (unpaired t-test: t = 4.53; p = 0.0003).
Discussion
Basic FGF and Gliomas
A constitutive interaction of cellular growth factors with their cell-surface receptors is involved in autonomous cell growth and tumorigenesis. 23 In human gliomas, messenger RNA of basic FGF is abundantly expressed in more than 90% of cases, while it was not expressed in normal brain? 6 Fibroblast growth factor receptors are also detected in human gliomas. 27 In addition, our recent study has shown that anti-basic FGF IgG can inhibit both anchorage-dependent and anchorage-independent growth of U87MG and T98G human glioblastoma cells and their tumorigenesis in nude mice. 25 basic FGF is lacking the release mechanism is unknown, s'6'8 but U87MG human glioblastoma cells actually release basic FGF, which acts extracellularly. 2~ Autonomous cell growth and tumorigenesis of these tumors may result from the acquisition of the ability to produce cellular basic FGF and to respond to it. 15 The present study demonstrated that basic FGF peptide was expressed in 18 (94.7%) of 19 gliomas, and that the expression level of basic FGF increased proportionally with the histological malignancy grade. Moreover, gliomas with a high level of basic FGF peptide indicated high cell activity, which is reflected by the NOR number. These results were compatible with the data that the expression level of basic FGF messenger RNA increased in proportion to the histological grade of malignancy.
Basic FGF and Tumor Vascularity
Histopathologically, malignant gliomas often show pseudopalisading with necrosis and vascular proliferation. j6 A remarkably increased vascularity is often found on cerebral angiograms. ~6 We hypothesized that glioma-derived basic FGF might play a crucial role in tumor angiogenesis as a paracrine factor because basic FGF is a potent angiogenic factor in vivo. Therefore, we also examined the cell activity of endothelial cells in tumor tissues using the number of NOR's, and compared it to the degree of basic FGF staining and the vascularity on cerebral angiograms. The NOR numbers of endothelial cells increased in the cases with a high level of basic FGF staining and rich vascularity. Moreover, basic FGF staining in endothelial cells was detected in Grade IV gliomas but not in brain cells and Grade II gliomas. Glioma-derived basic FGF may promote the cell growth of endothelial cells and contribute to neovascularization in tumor tissues, which results in rich vascularity in glioma tissues. Basic FGF can also be involved in tumorigenesis due to the increase of blood supply to tumor tissues.
Nucleolar Organizer Regions
Nucleolar organizer regions are loops of deoxyribonucleic acid (DNA) that occur in the nucleoli of cells and possess ribosomal RNA genes. 24 These are transcribed by RNA polymerase I and are of vital significance in the ultimate synthesis of protein. Thus, the number and/or configuration of NOR's are considered to reflect the activity of cells and nuclei) The number of NOR's in human brain tumors has been reported to be well correlated with Ki-67 staining or DNA polymerase staining, which are confirmed to reflect the growth fraction of tumor cells. 1~ We used this argyrophilic technique to evaluate the cell activity of glioma cells and endothelial cells in tumor tissues. The range of the NOR number in glioma cells in the present study was consistent with a previous report that the mean value of the NOR number was 3.04 in glioblastomas (glioma Grade IV), 2.68 for anaplastic astrocytomas (Grade III), and 1.91 for low-grade astrocytomas (Grade II). ~ The NOR number in endothelial cells of gliomas in the present study ranged from 1 to 2.26, indicating that the endothelial proliferation in malignant glioma tissues was due to reactive hyperplasia as was reported in human liver cells. 2
